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Abstract— A novel non-invasive method is proposed to help 
identify the endangered Pygmy Bluetongue Lizard. This would 
be preferable to the commonly used, invasive, toe-clipping 
method, which could be unreliable if the lizard was to lose a toe 
or foot naturally. Each lizard has a unique and permanent scale 
pattern which can be used to identify individual lizards. The 
proposed method involves a novel technique to derive a signature 
curve from the Hough transform output of the lizard scale 
pattern such that the signature curve is scale and shift invariant. 
It has been found that a lizard can be successfully identified by 
comparing its signature curve with those signature curves of all 
registered lizards stored in a database. 
Keywords-lizard identification; Hough transform; signature 
curve; non-invasive 
I.  INTRODUCTION 
The Pygmy Bluetongue Lizard is an endangered species 
which was thought to be extinct for thirty years. They are 
found exclusively in remnant fragments of native grassland in 
South Australia’s mid-north. Recognition of individual lizards 
is essential for ecological studies; therefore a method for 
identifying each lizard is required. One common method for 
this is toe clipping, where digits are removed from the feet of 
the lizards, but this is a highly invasive method. Moreover, 
natural toe and foot loss is observed in lizards in nature [1] 
which can impact on the accuracy of the method. Due to the 
Pygmy Bluetongue Lizards endangered status, a non-invasive 
identification method, such as photo identification, would be 
preferred. To our knowledge, the method of photo 
identification for lizards has not been developed elsewhere.  
The unique scale pattern of each lizard is used to identify 
individual lizards. Edge detection is used to obtain the scale 
pattern of each lizard while keeping the method independent 
from variations in luminance. The Hough transform is then 
used to convert the pattern of each individual lizard to a 
parameter space matrix. Due to the fact that digital images of 
the lizards are being used, and it is difficult to maintain the 
conditions to produce images of exactly the same size with the 
lizard in the same position, shift and scale invariance is desired 
in order to make the identification process robust. As the 
Hough transform is unable to provide shift and scale 
invariance, a novel technique has been developed to derive a 
signature curve which provides shift and scale invariance from 
the Hough transform output. 
The signature curves for all registered lizards are stored in a 
database. When an unknown lizard is to be identified, its 
signature curve is produced and compared with the signature 
curves stored in the database. The Mean Square Error (MSE), 
which is obtained by finding the difference between two 
signature curves, is used to find a match between two lizards. 
This is done by comparing the MSE with a threshold value that 
is required for determining matches. If it is below the threshold 
value, a match for the unknown lizard is found. Otherwise no 
match is implied and that means the unknown lizard has not 
been registered in the database. The threshold value will be 
discussed in the Results Section. 
The organisation of this paper is as follows. In Section II, 
the lizard identification method is described, including how 
independence from changes in luminance is achieved through 
the extraction of the scale pattern using edge detection. The 
section also describes how the Hough transform is used to 
detect lines of the scale pattern in the input image and in turn 
how a signature curve is derived from the Hough transform 
output. Experimental results are presented in Section III, and 
Section IV gives the conclusion. 
II. IDENTIFICATION METHOD 
The input is a digital image of the lizard’s head which has 
been taken in such a way that the head is positioned with the tip 
of the snout pointing straight up. The identification method has 
four stages; first an input image has its luminance adjusted by 
contrast-limited adaptive histogram equalization so the 
identification method becomes independent of the intensity of 
the image. In this stage, median filtering is also applied to 
remove any noise present to produce a clean image for edge 
detection. In the second stage, edge detection is performed on 
the adaptive histogram equalised grayscale image so that the 
unique scale pattern edges of each lizard are extracted. The 
edge detection image is required for the Hough transform to 
produce an output in the third stage. The fourth stage describes 
how a signature curve is derived from the Hough transform 
output, such that it is scale and shift invariant with respect to 
the input image.  
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Figure 1.  Block diagram of the method to produce a signature curve 
A block diagram of the method to produce a signature curve is 
shown in Fig. 1. 
 
 
Figure 2.  The grayscale images of 10 lizards. 
 
Figure 3.  The images of the 10 lizards from Fig. 2 after contrast-limited 
adaptive histogram equalization has been performed. 
 
Figure 4.  The images of the 10 lizards after edge detection has been 
performed. 
A. Contrast-limited Adaptive Histogram Equalization 
Consistent lighting conditions are difficult to maintain 
when taking the images of the lizards. Hence identification of 
the lizards needs to be independent from the variation of 
luminance between images. Fig. 2 shows the grayscale images 
of 10 lizards where the difference in illuminations can be seen 
to have had an effect on the images. 
Contrast-limited adaptive histogram equalization (CLAHE) 
[2] is used to equalize the brightness of each image so that 
identification of the lizards is independent from the variation of 
luminance between images. The results after applying CLAHE 
on the images in Fig. 2 can be seen in Fig.3. CLAHE enhances 
the contrast of images by transforming the values in the 
intensity image so that the histogram of the output region 
approximately matches the uniform histogram. 
B. Edge Detection 
Edge detection is used to extract the scale pattern of each 
lizard to a binary image that the Hough transform can be 
performed on. For identification, it is desirable to maximize the 
minimum MSE error between the signature curves of a pair of 
lizards. The Canny [3], Laplacian, and Sobel edge detection 
methods were each evaluated to determine which provided the 
highest minimum MSE. It was found that the Canny edge 
detection method provided the largest minimum MSE between 
lizards as shown in the Results Section. Fig.4 shows the output 
from the same 10 lizards from Fig.2 and Fig.3 after edge 
detection is performed using the Canny method. 
The Canny method [3] of edge detection finds edges by 
looking for local maxima of the gradient of the image. The 
gradient is calculated using the derivative of a Gaussian filter. 
The method uses two thresholds, to detect strong and weak 
edges, and includes the weak edges in the output only if they 
are connected to strong edges. 
C. Pattern Recognition 
Our pattern recognition technique is based on the number of 
edge lines having a particular curvature angle within the 
pattern. Two patterns are deemed to be identical if both 
patterns have the same number of lines at every curvature 
angle. As the method depends only the curvature angles, but 
not on the size and the relative position of features within the 
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image, this comparison method between two patterns is scale 
and shift invariant. Our proposed signature curve, described in 
Section C.2, will embody all the required information extracted 
from the corresponding Hough transform output. 
C.1 Hough Transform 
The Hough transform [4] is used to detect lines at different 
angles by using the parametric representation of a line.  
 θ+θ= sincos yxs  (1) 
where the variable s is the distance from the origin to the line 
along a vector perpendicular to the line, and θ is the angle 
between the x-axis and this vector. The Hough transform 
output, H, relates to a parameter space matrix whose rows and 
columns correspond to s and θ values respectively. The 
elements in the Hough transform output represent accumulator 
cells. Peak values in the Hough transform output represent the 
length of the potential lines in the input image.  
C.2 Signature Curves 
In order to make the identification process of the lizards 
more robust, shift and scale invariance are both desired 
properties. The Hough transform output by itself is not shift or 
scale invariant, hence the information contained in the Hough 
transform output needs to be extracted in such a way as to 
produce a signature curve that is both shift and scale invariant.  
Let H(θ,s) be the length of a line at angle θ and distance s 
from the origin, and v(θ) be the magnitude of the signature 
curve at angle θ. Let f be an indicator function such that 
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where D is the maximum value of s and δ is a threshold value 
for which only lines of length above this value will be 
considered. For clean images with high signal-to-noise ratio 
(SNR), setting δ to  zero  is  adequate,  i.e.  all  lines  are 
included. 
Since v(θ) is no longer a function of s, shift invariance is 
achieved because it does not depend on the perpendicular 
distance of lines from the origin.  
TABLE I.  THE MINIMUM MEAN SQUARE ERROR VALUE FOR THE 
DIFFERENCE BETWEEN ANY TWO SIGNATURE CURVES FOR ALL THE TEN 
LIZARDS USING DIFFERENT EDGE DETECTION METHODS. 
Canny Laplacian Sobel 
Min. MSE 8.67x10-10 7.97x10-10 8.47x10-10 
To achieve scale invariance, the indicator function in (2) is 
applied to H(θ,s), so that the actual length of lines is irrelevant, 
as we are only interested in whether a line at that position 
exists. Hence v(θ) will not depend on the scale of the input 
image. The signature curve is then normalized for comparison 
between different lizards. 
Each lizard produces a unique signature curve as shown in 
Fig.9. In this way, the signature curve can be used to identify 
each individual lizard. If the MSE of the difference between the 
signature curves of two lizards is below a certain threshold, a 
match is deemed to be found. Otherwise no match is found, and 
the lizard’s signature curve will be added to the database as a 
new lizard. 
III. RESULTS 
A. Edge Detection 
In order to evaluate the performance of various edge 
detection methods for our application, we investigated which 
methods would produce a maximum discrimination between 
lizards, in terms of the MSE of the difference between 
signature curves. The total combination of any two out of ten 
lizards is 10C2 = 45, and the minimum MSE of these 45 
combinations of differences between a pair of signature curves 
is tabulated in Table I for the three edge detection methods, 
namely Canny, Laplacian and Sobel. 
It can be seen from Table I that the Canny edge detection 
method gives the largest minimum MSE value, which was 
found to be 8.67x10-10. In other words, the Canny edge 
detection will give the maximum discrimination between 
lizards for our application. 
B. The Criterion for Matching Lizards 
The minimum MSE value for the difference between 
signature curves for all the possible combinations of 10 lizards 
was found to be 8.67x10-10, as seen in Table I. This is also the 
threshold value used to determine whether a match between 
two lizards has been found. In order for a correct match to be 
obtained, the errors arising from differences in shift, scale, and 
changes in illumination in the original image need to be below 
this threshold value. If an MSE obtained by comparing the 
signature curve of an unknown lizard with every signature 
curve stored in the database is below this threshold value, a 
match with a registered lizard in the database is found. If the 
MSE is above this value, no match is found, i.e. the unknown 
lizard is not in the database.  
Fig.5 shows three different images of the lizard Ivy; the 
first image is the original, the second has been shifted right by 
12.5% and scaled down by 25% and the third has been shifted 
left by 12.5% and scaled up by 25%, with respect to the 
original image. The signature curves for the three images are 
shown in Fig.6, where the maximum MSE value that is 
produced by these shifts and scale variations is 1.69x10-10. 
From this example it is shown that both changes in the shift 
and scale of an image of the same lizard have only a small 
effect on the signature curve, and the MSE produced by these 
changes is well below the threshold for a match. 
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To illustrate the robustness of the method for variations in 
illuminations, three images of different illuminations of the 
lizard Ivy are shown in Fig.7. The signature curves derived 
from the three images are shown in Fig.8, where the maximum 
MSE value that is produced by these changes in illumination is 
2.71x10-10. From this experimental result, it is shown that 
maximum difference in the signature curves due to various 
illumination is also well below the threshold for a match. 
 
 
Figure 5.  The three images of Ivy with different shifts and scale sizes used to 
create the signature curves in Fig. 6. 
 
 
Figure 6.  Signature Curves for different shifts and image sizes of the lizard 
Ivy. 
 
 
Figure 7.  The three images of Ivy with different illuminations used to create 
the signature curves in Fig. 8 
 
 
Figure 8.  Signature Curves for different illuminations of the lizard Ivy. 
These experimental results have shown that the threshold 
value used to determine whether there is a match between two 
lizards was found to be 8.67x10-10. The results have also shown 
the signature curve is invariant to changes in both shift and 
scale of the original image, as well as being independent from 
changes in illumination. The MSE produced by these changes 
has been shown to be sufficiently small enough that they will 
not affect the identification of lizards based upon the above 
threshold value. 
IV. CONCLUSION 
Photo identification for the Pygmy Bluetongue Lizard has 
been developed and found to be successful for the lizards that 
have been included in our experiments. Future work will 
include the extension of the proposed method for use with 
more lizards whose images will be taken during the next field 
test. An angle realignment method is also being developed 
based on the signature curve in order to make the identification 
process more robust to rotations. The signature curve is also 
being investigated to see if the symmetry of the curve can help 
quantify the symmetrical properties of the scale pattern of each 
lizard. 
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Figure 9.  Signature Curves for ten different lizards. 
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